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INTRODUCTION: 
A very important and sensitive quality of binocular sensory fusion is stereoscopic depth 
perception. Stereopsis is usually thought of as the primary provider of depth perception 
at near. It is also, however, one of the depth perception cues used at distance, along with 
size differences, shadows, texture and motion parallax. Distance depth perception is an 
important part of every day life. The simple act of driving a car can become very 
difficult and dangerous if a person's distance depth perception is compromised in any 
way, especially when objects perceived are small or moving at high speeds. 
More than 30 years ago optometrists began fitting presbyopic patients with monovision 
contact lenses. One study rated the success rate at close to 80%, making monovision the 
most successful form of presbyopic contact lenses available (Josephson et al, 1991). 
There are many advantages to monovision such as no aberrations, distortions or 
reductions in field of view that a spectacle lens can g1ve. Also, monovision gives 
constant distance and near vision at all gaze positions. 
The fact that monovision fitting has a close to 80% success rate means that everyday eye 
care professionals are sending many patients out of the office and into their car to drive 
home with these contact lenses that disrupt binocularity. We know at particular distances 
that monovision causes a monocular reduction in visual acuity. Erickson and McGill 
(1992) cite several articles that indicate monocular blur significantly reduces stereoacuity 
in most cases. Koetting ( 1970) goes so far as to say that 94% of the patients achieved 
stereoacuities within norms developed by several researchers. The norms are described 
as a range of 51" to 110". Most of these studies tested stereoacuity at a distance of 40 
em, with the exception of Beddow ( 1966) who used the Keystone A via tor series cards for 
the telebinocular, which tests at optical infinity. 
In order to attain success with monovision, a patient must be able to use monocular 
suppression (Chretien and Lindberg, 1997). The central vision in one eye must be 
suppressed while performing a task and then alternated between eyes depending on the 
distance of the task from the patient. In theory, the image from the blurred eye is added 
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to the information of the other eye's focused image; therefore, binocularity is maintained 
at some level of fusion for all viewing distances. Again, binocularity with monovision is 
disrupted, but not lost altogether. All of the data in the studies described above suggest 
some decrease in stereoacuity, whether it was significant or not. 
A goal of this project is to ascertain whether monovision decreases stereopsis at a 
distance of four meters (approximately optical infinity). Another goal is to specifically 
quantify the amount of stereoacuity changes that occur when a monovision contact lens is 
in place. This information for distances simulating infinity has been speculated on by 
some clinicians, but has not been quantified in a formal manner. 
SUBJECTS: 
Our subjects were 44 students from Pacific University College of Optometry. There were 
23 males and 21 females ranging in age from 21 to 42. All subjects signed informed 
consent release in agreement with the Institutional Review Board standards. Potential 
subjects were screened for best corrected Snellen acuities of 20/25 or better at 6 meters 
both monocularly and binocularly. Unilateral and alternating cover tests were used to 
screen for strabismus objectively and subjectively at 6 meters. Stereopsis ability at 40 em 
was measured using the Titmus stereo test with a participation limit minimum of 60 arc 
seconds. Additionally, all subjects were required to have had a visual examination at the 
Pacific University Family Vision Center within the last 12 months and perform the 
experiment through a current far point prescription providing best visual acuity. Because 
spherical contact lenses were used, subjects were screened for astigmatism with 0.50 D of 
astigmatism being the upper limit of refractive cylinder accepted. Passing these 
screening criteria allowed for entry into the study. 
METHODS: 
Subjects were seated in an adjustable stool4 meters from the Howard Dolman apparatus. 
A chin rest was attached to the end of a table to maintain the subjects' head position at 
the appropriate angle and distance from the Howard Dolman device. In order to reduce 
the effects of a learning curve when using the Howard Dolman, 22 of the subjects began 
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the study with their current distance contact lens prescription on both eyes, while the 
remaining 22 subjects began the study with their monovision contact lens correction. 
Prior to testing, distance Snellen acuities were taken with the subjects' distance 
correction and with the monovision lenses. Subjects were required to have a V. A. of 
20/25 to continue the study. 
Each subject sat for a total of 12 trials at the Howard Dolman apparatus, all of which 
gave indirect measurements of stereo angle. Six of the trials were performed with the 
current distance correction, and the other six trials were performed with monovision Rx. 
All of the lenses used were Acuvue contact lenses. The dioprtic powers were determined 
by current prescriptions from the subjects' files. The full distance correction was ordered 
for the dominant eye, while the distance correction with 1.50 D more plus was ordered 
for the non-dominant eye, the "near" eye. The + 1.50 D add was used because it is one of 
the most commonly used adds when fitting monovision. 
The Howard Dolman device involves having the patient look directly into an illuminated, 
enclosed box (roughly 2 ft3 in dimension) and make judgments of the distance of one 
fixed dowel in relation to a moveable matching dowel. The examiner began with the 
moveable dowel either in front or behind the fixed dowel. It was then moved in the 
appropriate direction until the subject reported it was lined up side by side from the fixed 
dowel (at the same distance from themselves). The starting position (front or behind) 
was alternated and altered for each trial. All subjects were instmcted to close their eyes 
between each trial while the examiner set the starting position of the dowel. The 
examiner stopped moving the dowel immediately when the subject verbally indicated that 
the two dowels were lined up according to his/her observation. The distance the 
moveable dowel was from the fixed dowel was then recorded in millimeters away from 
the zero point. In order to accurately calculate the stereo angle, measurements in front of 
the zero point were arbitrarily assigned negative values and those behind the zero point 
were labeled as positive. 
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The steroacuity in arc seconds can be measured by using the arc tangent of the subject's 
P.D. divided by the distance the patient is from the dowel. This angle is calculated twice, 
once for each dowel. The angular difference between the observer and fixed dowel, and 
the observer and moveable dowel (when it appeared to be at the same distance) is a 
measure of the patients' stereoacuity. These two angles are subtracted from each other 
and multiplied by 3600 to convert the difference in degrees into arc seconds of stereopsis. 
When the subjects completed their 6 trials with the monovision contact lenses, V.A.'s 
were taken on the non-dominant eye once the monovision lens had been removed and the 
appropriate distance lens was in place. Snellen acuities were recorded for said eye to 
ensure that at least 20/25 acuity could still be obtained. This procedure was performed to 
ensure that insertion or removal of the Acuvue contact lenses caused no damage. 
RESULTS: 
The results of this project were analyzed using a paired T -test with significance set at 
p<0.05. Each subject's stereoacuity was averaged for the binocular condition and the 
monovision condition (see Table 2). The mean binocular average was 7.567 seconds of 
arc while the mean monovision average was 24.702 seconds of arc. This is a greater than 
200% decrease in stereopsis from binocular to monocular conditions with a p<0.0001 
(see Table 1). 
Binocular Average Mono vision Average 
Mean 7.567 arc seconds 24.702 arc seconds 
Standard Deviation 3.518 arc seconds 11.711 arc seconds 
Standard Error 0.530 arc seconds 1. 7 65 arc seconds 
Tablet: A listing of the mean, standard deviation and standard error of the total binocular and 
Monocular averages with p<O.OOl. 
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-Binocular Average _ Monovision Average 
Subject 1 11.93" 33.89" 
Subject 2 7.20" 20.23" 
Subject 3 10.02" 16.98" 
Subject 4 6.22" 14.63" 
Subject 5 5.67" 18.13" 
Subject 6 11.35" 48.18" 
Subject 7 5.73" 37.37" 
Subject 8 3.89" 17.30" 
Subject 9 7.84" 21.50" 
Subject 10 5.06" 9.73" 
Subject 11 14.00" 12.33" 
Subject 12 9.03" 55.73" 
Subject 13 4.12" 20.45" 
Subject 14 6.84" 14.42" 
Subject 15 9.96" 20.53" 
Subject 16 12.26" 25.89" 
Subject 17 5.78" 15.15" 
Subject 18 4.12" 19.92" 
Subject 19 4.37'' 18.51" 
Subject 20 4.26" 10.89" 
Subject 21 13.93" 13.93" 
Subject 22 4.59" 39.16" 
Subject 23 12.74" 45.76" 
Subject 24 5.70" 23.08" 
Subject 25 6.65" 35.78" 
Subject 26 1.55" 21.94" 
Subject 27 5.07" 14.60" 
Subject 28 3.93" 31.51" 
Subject 29 4.00" 5.68" 
Subject 30 10.07" 21.64" 
Subject 31 13.31" 26.78" 
Subject 32 2.17" 37.15" 
Subject 33 15.91" 22.98" 
Subject 34 10.52" 21.71" 
Subject 35 8.96" 15.15" 
Subject 36 6.57" 31.45" 
Subject 37 4.06" 40.51" 
Subject 38 7.50" 27.10" 
Subject 39 4.33" 32.50" 
Subject 40 10.54" 25 .38" 
Subject 41 10.25" 11.38" 
Subject 42 8.76" 34.76" 
Subject 43 5.39" 45.55" 
Subject 44 6.82" 9.69" 
Table 2: The averages of the six binocular trials and the six mono vision 
trials for each subject. 
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DISCUSSION: 
The goal of this study was to ascertain whether monovision correction does in fact 
decrease distance stereopsis and then to quantify the amount of change in seconds of arc. 
Although there have been monovision stereopsis studies performed at near, there have 
been none reported for distance viewing conditions. Our study clearly shows that 
stereopsis suffers greatly at a distance of four meters. This study, however, was simply a 
measurement of stereopsis in which every effort was made to reduce the effects of size 
cues, shadows, texture and motion parallax, all of which play important roles in depth 
perception at distance; therefore, the testing conditions were different than what would be 
experienced in a real world situation. 
The subjects that were used in this study were all optometry students. Consequently, 
there were no true presbyopic subjects. In a study by Koetting (1970) younger patients 
exhibited greater stereopsis at near than those with more advanced presbyopia. If the 
same is true for distance stereopsis then our study may underestimate the loss of 
stereopsis that would occur in a true older aged monovision candidate. Also, each subject 
was fit with a standard + 1.50 D over his or her distance prescription. This is the average 
amount for a monovision correction, but older monovision patients usually wear a higher, 
and possibly more disruptive add power. 
Our subjects were allowed to adapt to wearing the lenses only until their visual acuities 
had stabilized to 20/25 in each eye before the first six trials at the Howard Dolman 
apparatus. Usually this occurred within fifteen minutes of putting on the lenses; 
therefore, the adaptation period provided was short. The subjects were not able to 
experience the optical and perceptual changes for any length of time. Allowing the 
subject to wear the lenses for a longer period of time and engage in everyday activities 
with subsequent re-testing might give a more accurate picture of what the adapted 
monovision patient's stereopsis is like. 
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Although this study answers our original question of whether monovision correction 
reduces stereopsis at distance or not, it leaves others unanswered. Will a true presbyope 
perform the same as a non-presbyope? We suspect that a patient with presbyopia may 
perform worse. As the power of the monovision correction changes, how does the 
distance stereopsis change? The logical answer would be that the stereopsis would 
decrease as the anisometropia increases. But is the change linear and does it plateau at a 
certain point? This remains to be tested. Also is there a difference in performance 
between experienced monovision wearers and new monovision wearers? And how large 
is the role of stereopsis in distance depth perception? We believe that this study provides 
useful information to think about when prescribing monovision contact lenses for 
presbyopic patients, and with this basic knowledge obtained, to err on the side of safety. 
There is still more to be known about this correction modality, and future studies will 
answer these questions. We recommend the prescription of glasses over the monovision 
contact lenses to neutralize this stereopsis reducing condition when critical depth 
determinations are required, such as during driving. 
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